Sugarcane variety development programmes primarily envisage breeding of varieties with high cane yields and high sugar content in specific environmental conditions. Key components associated with sugar yields are tonnes of cane per hectare and sucrose content. A study was undertaken to evaluate 22 introduced sugarcane genotypes with three checks (KEN 83-737, EAK73-335 and D8484) for sucrose content in western Kenya. The experiment was planted in a Latin square design with three replications at three sites namely Sugar Research Institute Kibos, South Nyanza Sugar Company and Mumias Sugar Company. Data was recorded on refractive brix, stalk thickness, fresh cane yield, sucrose content, fibre content, juice purity and sugar yield. Significant differences at (p<0.05) were observed among genotypes for, sugar yields, brix percent cane, pol percent cane, fibre percent cane and juice purity. The effects of locations on quality were significant in all the traits tested (p<0.05). Effects of G×L were not significant for all the quality traits with exception of brix% cane. Significant positive correlations were detected between sucrose content, juice purity and fiber percent cane.7 Genotypes exhibited superiority to check cultivars in quality traits and their genetic potential can be exploited for high sugar production.
INTRODUCTION
Sugarcane (Saccharum spp. hybrids) is a genus of 6 to 37 species of tall perennial grass native to warm temperatures and tropical regions of the world. It belongs to Poacea family and of the Andropogonae tribe (Malavolta et al., 1994) . Its economic importance includes high cane and sucrose yields. Sugarcane variety development programmes primarily envisage breeding for high cane yields and high sugar content suitable for specific environmental conditions (Skinner et al., 1987) . Sugar yield per hectare is dependent on cane yield and pol% cane and/or commercial cane sugar (CCS). Khan et al. (2012) revealed that higher number of tillers, good cane weight endowed with better pol % cane and juice purity are the most important characters for consideration in the selection for higher sugar yields in sugarcane genotypes.
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Other authors have observed that quality parameters, mainly brix% cane, pol% cane and juice purity had a negative association with cane yield (Ahamed et al., 2010; Sanghera et al., 2015) .
Sugarcane yield and quality are affected by several biotic and abiotic factors such as pest and disease incidences, altitude, rainfall, temperature, relative humidity and wind velocity, sunlight, soils and crop management (Clarke et al., 1996) .
In Kenya, sugarcane is grown in a range of altitudes between 15 and 1600 m above mean sea level. At low altitude of Kenya's coastal region, sugarcane matures, (maximum pol% cane) between 10-12 months while in western Kenya maturity period ranges from 16 to 24 months depending on the variety (Jamoza et al., 2013) . Foster et al. (1981) reported that pre-harvest burning of sugarcane in some countries viz. Australia and Jamaica causes major physic-biochemical changes in cane plants. These metabolic changes along with microbial infestation and other factors such as thermal destruction of sucrose, high inversion rate, water loss and loss of sugar by exudation on cane surface are additional reasons for lowering commercial cane sugar (CCS) value of burned crop. Good harvesting practices such as green and timely cane harvesting in sugarcane production enhance quality of sucrose. An increase in levels of trash and mud causes a decrease in pol% cane. It has been observed that appreciable amount of sugar is lost during time lag between harvesting to milling, even in well managed mills.
It has also been observed that increasing levels of fibre in cane can decrease pol% cane of first expressed juice, although increasing quantities of maceration water in mills can help to increase extraction. Since fibre creates more mill wear and tear breeders normally select against this trait. However, with the current interest in cogeneration of electricity, increased fibre content has taken a new value and high fibre may become desirable breeding trait in fibre deficient areas (Klass et al., 2004) .
In such sugarcane growing countries as India, planting season affects the quality of juice since harvesting is governed by the planting season of the crop. A good example is the spring planted cane which tillers for only five months before harvesting producing lower quality juice with lower sugar percentage as compared to autumn planted cane (Singh et al., 2005) .
Sugarcane quality is affected by several physiological factors such as apical tillering or branching and arrowing. Likewise, lodging of canes distinctly lowers the juice quality due to sprouting and rooting of the lodged canes while drought conditions results in an increase in reducing sugars at the expense of sucrose and this hampers sugarcane quality (Singh et al., 2005) . The objectives of this study were: 1) To evaluate 22 sugarcane genotypes for sucrose content and agronomic traits in Western Kenya. 2) To identify promising lines of sugarcane for further testing. 
Planting procedure and experimental design
Planting plots were mechanically ploughed using a disc plough in Mumias and South Nyanza sites for the light soils while a mould board plough was used at Kibos for the heavy clay soils. The plots were ploughed to a depth of 25 to 30 cm. Harrowing was done using a disc plough to break soil clods and obtain a fine tilth to a depth of 20 to 25cm. Furrows were made 25 cm deep and spaced at 1.2 m apart in all the sites.
The crop was planted by hand during the short rain season on August, 11 th 12 th and 13 th 2011 in South Nyanza Awendo, Sugar Research Kibos and Mumias Sugar Company, respectively. A seed rate of 30 three budded setts or 120 buds per row placed slightly over lapping was used in all the sites. The setts were covered with soil using hoes. The experiment was a 5×5 lattice square design with three replications comprising of twenty five treatments in all the three locations. The gross plot size was 4 rows of 8 m long while the net plot for data collection and harvest measured 2 rows 8 m long. Planting in all the sites was done using phosphates as diammonium phosphate (46% P2O5, and 18% N) applied at a rate of 35.5 kg P ha -1 at planting. Nitrogen as urea (46% N) was applied for topdressing in two equal splits of 26 kg N ha -1 when the crop was 3 and 6 months in all the sites. Weeds were controlled by manual weeding in all the sites. Harvesting of the crop was done manually and cane yield per plot measured and used to compute cane yield per ha (TCH). The trial was conducted in plant crop cycle and harvesting was done in February 2014.
Data collection and statistical analysis
Data was recorded on germination, tiller production, disease and pest assessment, cane yield at harvest and cane quality. At harvest total number of stalks per net plot were counted and converted into stalks per ha -1 . Diameter of the stalks was measured at the midpoint of the six stalks randomly sampled using a Vernier caliper and a mean obtained. Stalk height was estimated from an average of 6 stalks obtained randomly within the net plot and measured from the ground level to the top visible dewlap. The number of internodes was measured by counting from the base of the stalk to the last visible node at the top. The stalks from the net plot were weighed on a balance to ascertain the yield in kilograms which was used to calculate tonnes cane ha -1 . At harvest, a sample of twelve stalks were randomly obtained from each net plot and milled and the crushed juice was analyzed for sucrose content using a polarimeter.
Data from the three locations was subjected to analysis of variance using general Linear Model (GLM) procedure of the statistical analysis system (SAS release 9.1 of 2004) and means compared by Fischer's least significant difference (LSD) procedure according to Steel and Torrie (1987) . Simple correlations among traits were computed.
RESULTS
Genotypes exhibited significant differences (P≤0.01) for hand refractometer brix and (P≤0.05) for pol% cane, and sugar yield. Effects due to locations were significant (P≤0.01) for all the quality traits studied. Genotype × location (G×L) interactions were significant for brix% cane only. Coefficient of determination ranged (R 2 = 0.49) for sugar yield to (R 2 = 0.75) in juice purity.
Correlations among traits associated with cane and sugar yield
Components associated with cane yield are stalk height, stalk weight, and stalk diameter and stalk population. Cane yield significantly correlated with stalk population and positively associated with stalk height, number of internodes, pol% cane and juice purity% but had significant negative correlation with brix% cane and stalk diameter (Table 2 ). Stalk population was positively correlated with stalk height, pol% cane and purity but had a negative correlation with stalk diameter, brix% cane, fibre% cane and stalk height. Number of internodes was highly significantly (p≤0.01) correlated with stalk height but insignificantly correlated with all other traits ( Table 2) . Associations between pol% cane and juice purity% were highly significant. Pol% cane registered a positive correlation with brix% cane. Fibre% cane had a positive correlation with juice purity%, while stalk diameter correlated with brix but registered weak negative association with pol% cane and juice purity%.
DISCUSSION
The significant differences of genotypes in pol% cane, brix% cane, and sugar yields obtained in this study indicated variability among genotypes hence a possibility of genetic improvement in the quality traits through selection (Punia, 1982; Khan et al., 2013) . Significant genotype × location interactions for brix% cane indicated that the performance of genotypes for this trait was most influenced by locations. This interaction was as a result of change in genotype ranking across the locations. Nonsignificant interactions for the other quality traits mainly pol% cane, Juice purity and sugar yield revealed that performance of the genotypes did not vary with the environment over locations. This further suggests that mean performance of genotypes could be used in selecting of superior genotypes on the basis of these traits (Chang, 1996; Khan et al., 2004) . Jamoza (2011) reported significant G×L interactions for sucrose content, fibre% cane and sugar yields but non-significant interactions for brix% cane and juice purity% suggesting that performance of the clones was the same for the two traits in the three locations. The results obtained (Table  1) in this study contradicts Jamoza (2011) and this implies that environment and other factors such as crop management will influence performance of certain traits in sugarcane. Crop cycles and seasons have be shown to create different interactions, thus Jamoza (2011) tested in two crop cycles which could have contributed to the findings. Environments also play a role in creating . Mean values for the sugar yield, with related traits such as pol% cane, juice purity% and fibre% cane were highest in Kibos, South Nyanza zone and Mumias, respectively. This indicates that the environmental factors in Kibos were more favorable for sugarcane sucrose production as compared to the two other locations. This further emphasizes the importance of multi-location testing of clones so that selection of suitable clones for specific sites can be confidently made. Testing of genotypes in a wide range of environments offers them a chance to express their full potential in various traits under test. Sugar cane juice quality is influenced by several factors namely nutrition (Gascho et al., 1986) , climate (Hatam and Pazir, 1989) , diseases and variety (Habib et al., 1992) . Genotype KEN 82-493 was outstanding in the three environments in terms of high sugar production while six genotypes KEN 04-1809, KEN 04-1603, KEN 04-1079, KEN 04-419, KEN04-2010 and KEN 04-2192 performed well both in cane and sugar yields across the three environments. These genotypes can be considered for utilization for both cane and sugar yields. Differences in the sugar yield performance can be attributed to variations in the three locations in terms of soils, moisture, temperature and also crop management practices on cane yields as quality traits are seldom influenced by environments but genotype specific.
Simple correlations performed detected associations in all the quality traits measured mainly pol% cane, juice purity% cane, fibre% cane and brix% cane (Table 2) . These results are in line with Khan et al. (2001) who found that purity was positively associated with sucrose and brix value and sucrose content. Similar results were presented by Chang et al. (1996) where correlations between commercial cane sugar, juice purity% and sucrose content were positive. The results therefore suggests that it is possible to estimate amount of sucrose in a given genotype based on one or two traits since a high level of purity is an indicator of high sucrose content Refractometric brix can therefore be used in the field as an indicator of cane maturity. Mamet et al. (1999) concluded that the reliability of field brix as a predictor of sucrose content depends upon the method applied and time of its sampling. Brix% cane is negatively correlated to fibre% cane as the higher the fibre the lower the brixlevels in a sugarcane crop. Pol% cane and juice purity% have a strong and positive relationship. The study results suggest that in order to enhance the quality traits in sugarcane effective, strategies for selection should be based on multi-location testing to identify superior lines for each individual site on the basis of the trait under the study.
Correlations among phenotypic traits may indicate biological processes that are of considerable interest and can be the result of genetic, functional and physiological or developmental nature (Soomoro et al., 2006; Ulloa, 2006) . Rostron et al. (1971) found that season had only a small effect on sucrose content, expressed on either fresh or dry weight basis, after 56 weeks of age. Varieties of the same age may be physiologically different making them to mature at different ages. In this study, all the twenty two clones used could have differed in maturation periods thus some varieties may be disadvantaged if harvested at the same age as this leads to loss of sucrose. This implies that when testing for sucrose content the early maturing clones should be clearly identified and established separately from the late maturing varieties in the final testing phase of variety evaluation.
The significant values for genotypes effect for both sucrose content and sugar yields indicated that genotypic differences were detected in the study and that selection of superior genotypes for both traits could be achieved effectively in the respective locations based on the performance of the clones.
Results of association of quality and yield components indicated that stalk diameter had a significant association with juice purity% and pol% cane suggesting that an increase in girth resulted in an increase in the two parameters. Stalk population had a negative association with all other traits except cane yield, stalk diameter and brix% cane. The results indicated that improvement in this trait could lead to a resultant increment of the three traits. This study suggests that pol% cane can be enhanced by selecting clones that have more thick stalks. Therefore selection strategy based on thick and high stalk population could contribute to improvement in yield and quality in sugarcane.
The significant genotype × location interactions for cane and sugar yields suggest that testing of genotypes should be done in more locations and recommendations done based on results from specific test regions.
For quantitatively inherited traits such as cane and sugar yields, genotype values and their relative rankings can change from one environment to another and this suggests the effect of environment on sugarcane productivity (Kang, 2002) .
Conclusion
This study detected significant genotypic differences in pol% cane, brix% cane and both cane and sugar yields in the three locations. Further, the study indicated that cane yield attributes were significantly influenced by locations indication that locations can be used to recommend different varieties for each location.
Under conditions of this study, 7 genotypes are recommended to have good potential for production in sugar and cane yields. These results suggests that evaluation of sugarcane clones for yield and quality should be conducted in plant crop in many locations rather than crop years to identify superior clones for specific locations. 
